A water muffler is used for the noise control of a hydraulic pipeline with an external gear pump. An experimental system is established to investigate the acoustic performance of the water muffler, in which the gear pump is utilized as the sound source and power supply. Comparisons between the experimental results of the reference tube, rubber tube, and water mufflers with different inner structures have been made. Numerical simulations on the rubber tube and different water mufflers with various inner structures have been conducted. Simulation results have been compared with the experimental results. These comparison results show that the rubber tube with a compliant wall substantially contributes to the reduction of the noise generated by the gear pump, especially at the high frequency band and relatively low rotate speed of the gear pump. The water muffler results in the enhancement of the noise reduction effect on the rubber tube. With the speed of the gear pump increasing from 1172 r/min to 2344 r/min, the effect of the noise reduction becomes much weaker, since the flow-induced noise gets more intensified. For the rubber tube, in particular, the sound pressure level gets close to that of the reference tube at the speed of 2344 r/min. Moreover, it has been proven by another important experimental result that the length of the inner structure can play a critical role to the flow noise generation.
INTRODUCTION
As one of the most widely used pumps for decades, the gear pump has proved to be very favorable to industries, owing to its simple mechanism, high delivery pressure, compact construction, and high reliability. However, they are usually accompanied by characteristic side effects that tend to cause much louder noise and stronger vibration than other types of positive displacement pumps.
1, 2 The noise and vibration generated by gear pumps can affect the downstream equipment and working environment through connected pipelines and flowing fluid, and this phenomenon could substantially harm the precision of system control, and even destroy working stability of the downstream equipment. Thus, it is highly necessary to effectively control the noise and vibration.
There are mainly two sources of noises, sharing the same fundamental frequency: the pressure ripple created by the variation in delivery flow from the pump and the periodic variation of gear meshing force. If the pressure ripple can be weakened, the flow-induced noise will be consequently reduced, so that there will be potential benefits for a longer component life, and it will reduce structure-borne noise from the pump.
3-5 Iyoi and Ishimura have indicated that it is not possible to fabricate external gear pumps without delivery fluctuation, but it is feasible to minimize the pressure ripple, and consequently fluctuations, by adopting a more precise design of the pump. 1 Mitome and Seki have shown that noise and vibration of a gear pump can be reduced by better design of tooth profile.
7 These methods are the key issues for the advanced design of new gear pumps. However, further measurements should be taken into consideration in order to effectively control the propagating of noise and vibration and to avoid damage to the downstream equipment.
In previous studies, different kinds of water mufflers/silencers are used to attenuate the noise and vibration in hydraulic pipelines. Strunk has investigated the insertion loss for a specific type of side branch resonator, called a cross-loop attenuator, and has identified the design parameters which are critical to insertion loss for a piston pump.
8 Dodson et al. have tested three types of quarter wavelength side-branch resonators (in-line, flexible side-branch, and rigid side-branch, respectively) in an industrial-scale hydraulic system. 9 All three types were found to obtain positive noise reduction characteristics with maximum IL from 10 to 20 dB at the pump's pistonpassage frequency. Kojima and Ichiyanagi have presented the development of two types of multiple volume resonatorscalled a "variable resonance-mode type side-branch resonator" and a "multi-degree-of-freedom type Helmholtz resonator." 10 Mikota has proposed a novel, compact pulsation compensator to reduce pressure pulsations in hydraulic systems.
11 Earnhart and Cunefare have introduced a Helmholtz resonator design based on a compliant, voided urethane lining, and it would
